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The use of technology in middle grades mathematics
classrooms has changed mathematics teaching and
learning. Mathematical tools, including calculators and
computers, have revolutionized mathematics instruction,
helping students make connections between
mathematics and real-world phenomena (NCTM, 1989).
As we begin the 21stCentury, we can reflect on the many
advances technology has provided, and ponder what
possibilities the future might hold for our classroom
teaching in the middle grades.
Research has shown many advantages of the use of
technology in the mathematics classroom. Technology
can individualize instruction, allowing students to work
at their own pace to solve mathematics problems. On
the other hand, technology may encourage students to
work collaboratively in addressing multiple dimensions
of a complex problem solving task. Its impersonal style
can provide nonjudgemental and informative feedback
when problem solving breakdowns occur. Technology
potentially encourages students' personal constructions
of mathematical concepts by assisting them in managing
their thinking processes. It allows the teacher to act as
a facilitator instead of a "dispenser of knowledge."
Technology enables complex and realistic problem
situations to be created in meaningful contexts which
in turn allows students to see the relationship of
mathematics to real world applications. Finally, it has
the potential for improving student attitudes about
mathematics.
Technology use in Grades K-12 is essential as
students and teachers live and work in the 21st Century.
The use of calculators and computers are an integral
As we begin the 21 st Century, we
can reflect on the many advances
technology has provided, and
ponder what possibilities the
future might hold for our
classroom teaching in the middle
grades.
part of not only mathematics instruction, but students'
and teachers' daily lives. Calculators should be available
to all students for problem solving activities. Computers
should be available for demonstration by the teacher,
as well as for individual student and group mathematical
explorations. Students need opportunities to learn to
use appropriate mathematical tools for specific problem
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situations. Teachers can promote the creation of
mathematical representations such as models, pictures,
diagrams, tables, and graphs. The usefulness of
technology is appropriate in various problem solving
situations in which students develop procedures and
learn to interpret the results of computations performed
with these tools.
Although research reports on the use of technology
in middle grades mathematics classrooms and
professional development opportunities for the
acquisition of technology skills have increased
significantly in the last 30 years, the integration of
technology into today's middle grades mathematics
programs does not reflect this rapid increase. Reports
indicate that only about half (56%) of students in the
middle grades used calculators in their mathematics
classes at least once a week (Weiss, 1994) and only 20%
of eighth-grade teachers had a computer in their
classrooms (National Education Goals Panel, 1994).
Additionally, teachers in grade 8 report that they are
"not very prepared" or "not at all prepared" for using
computers (55%) and calculators (8%) (Lindquist,
1997). A number of factors contribute to technology
use in our nation's mathematics classrooms including:
the cost of these technologies, the lack of available
resources for implementation, and the lack of
professional development for teachers who want to learn
to use these tools. In fact, many students arrive in middle
school with far greater experience and expertise in the
use of technology than their teachers possess.
CONSTRUCTIVIST UNDERPINNINGS OF USING
TECHNOLOGY
The use of technology can facilitate "sense-making"
in mathematics. Sense-making is at the heart of
constructivist theories of how children learn
mathematics which shift the teaching and learning
interaction away from a model of "transmission" to one
in which students actively construct their own meanings
of mathematical concepts. Algorithms that do not fit
into students' existing conceptual structures are rejected
by students for approaches that make sense to them.
Strategies that are conceptually-based make use of
students' existing understanding of relationships in
mathematics. Knowledge is actively built and these
structures are fluid, allowing for a reorganization of
existing structures (vonGlasersfeld, 1987). As students
see patterns and relationships among mathematical
concepts, they reorganize their thinking. These daily
changes in conceptual and procedural knowledge allow
students to accommodate these connections. Much of
current technology also has this characteristic of fluidity
sound, and animation into an integrated nonlinear format
on laser disc for the user. For example, a definition of
fractions could be combined with a graphic in which
the pieces of a divided object are filled in by animation
as the user determines the numerator of the fraction.
Hypercard and Hyperstudio are two examples of
hypermedia. A third cognition enhancer, "microworlds,"
goes beyond traditional software packages because ~tis
designed and understood by the user allowing
individuals the flexibility to customize their own
programs (Bright, 1995). This technology allows the
user to make manipulations where immediate feedback
is received on the consequences of the user's actions,
A program that builds, measures, and changes the
dimensions of a house would be an example of a
microworld. In each cognition enhancer, users are in a
constant state of cognitive reorganization as changes
occur rapidly and decisions are made based on students'
interactions with the technology.
A number of these technologies are based in theory
______on Polya's (1973) four-step proble~ solving strategy.
sense of mathematical problems in their world prior to In this strategy, the leame.r must .fITst~nderstand the
formal school instruction (Baroody & Ginsburg, 1990). problem; next, the connectl.ons of Items In the problem
Through meaningful and relevant mathematical mus~ be understood to dev!se a plan; then, the le~er
experiences, thinking about mathematics involves a carnes o~t the plan; and, fInally~ the le~er eX~ffilnes
cognitive reorganization of existing structures. Such the So.lutIOnand evaluates or revises. It IS~specially at
thinking may be greatly enhanced by eme:ging the ,third and fourth steps that pro?lem solving becomes
technologies and facilitated by the "technologically tedIOUSfor many students. WIt~OUt computer~ ~nd
literate" mathematics teacher. Studies document that calculators, students often l?se SIght of. the ongI~al
students' sense-making and understandings during problem as tedious computations and vanous solution
mathematics lessons may be significantly different from attempts overwhelm them.
teachers' objectives for their lessons (e.g., Confrey,
1990). Research has shown that students often reject
teacher-provided algorithms in favor of creating their
own strategies to solve a problem (Hiebert & Carpenter,
1992). These student solutions are often accurate and
very efficient, sometimes making more sense of a
mathematical situation than the textbook algorithm. The
tea~her's role is to provide learning environments. in
which students explore and investigate :r:nathem~tlcs
WIth the tools available to them. Using vanous
technologies provides students with these sense-making
mathematical tools.
allowing students to move rapidl.y among pieces of
information to make compansons and to see
connections.
The use of technology in the mathematics classroom
supports a constructivist teaching and learning
environment by providing experiences for students from
which they learn and construct knowledge. The notion
of "situated cognition" implies that students are involved
in mathematical situations that engender the making of
meaning and relevance. We know that children actively
construct their own procedures and strategies to make
Technology plays a vital role in
students' coming to know
mathematics by acting as a
catalyst that enhances perception,
reasoning, and intuition.
THE ROLE OF TECHNOLOGY IN COMING TO KNow
MATHEMATICS
Technology plays a vital role in students' coming to
know mathematics by acting as a catalyst that enhances
perception, reasoning, and intuition. There are a number
of ways to engage students in the meaningful use of
technology in the middle grades classroom. ~ompute~s
can ,be used as tools for cognition, providing a ~Uld
enVIronment that models students' mathematical
~~inking. Cognition enhancers (Dede, 1987) such as
empowenng environments" enable students to perform
problem solving tasks without the burden Of lengthy
computations, as in the use of calculators and
spreadsheets, or pattern generations, as in the u~e. of
databases or tessellation programs. A second cogrn~IOn
enhancer, "hypermedia," combines text, graphics,
COMPUTER TECHNOLOGIES AVAILABLE
Computer applications for the middle &ra?es
classroom have been advancing rapidly and are limited
only to teachers' and students' cre~tivity a.nd
imagination. In the past decade, Mathematics Teaching
in the Middle School and Arithmetic Teacher have
published numerous articles for teacher~ about the
availability of technological resources for middle gra~es
classrooms. Articles describing The Jasper Series,
telecommunications, hypermedia, Geome!e~ 's
Sketchpad, Logo, spreadsheets, database, and stansncs
and graphing software packages have .added to our
growing knowledge b~se .of ho~ to integrate the
computer into mathematIcs .I?structIOn.
The Jasper Series (Cognition and Te~hnology Gr<;>up
at Vanderbilt, 1992) developed on VIdeo laser dISC,
features the adventures of Jasper Woodbury. It was
developed primarily for researc~ pu:pose.s and has been
field tested in Grades 5 and 6 In rnn~ d~fferent states.
The theoretical framework for the senes ~sbasedon the
notion that students need to be involved In meaningful,
complex problems in order to develop "mathematical
power." Students are ~ble t? use frames of the laser
disc to retrieve information quickly to solve the problem.
All information needed to solve the. problem IS
embedded in the story. Many solutions can be
considered and students create their own su~probl.e~s
and investigate needed mathematical information WIthin
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the context of solving the problem. Research on the
series reports that students are more able to solve multi-
step problems, have better attitudes about mathematics,
and are able to see the relationship of mathematics to
their world (Cognition and Technology Group at
Vanderbilt, 1993).
Video-telecommunications and the Internet link
students in the middle school classroom with the whole
world of mathematics. These technologies give students
and teachers access to the ideas and innovations of
scientists and mathematicians they might never have
the opportunity to meet. The Internet is a middle school
classroom's connection to information and
communication. Middle school students can engage in
mathematical problem solving by gathering data fromI
I .
I
I
Video-telecommunications and
the Internet link students in the
middle school classroom with the
whole world of mathematics.
Web Sites allover the world. Email allows students
and teachers to engage in dialog with other classrooms
or with mathematicians who can add to the mathematical
ideas being expressed. Teachers and students can create
collaborative web pages that link information for
themselves and others (see address: www.unc.edu/
depts/cmse/programs/mgmmlinks.html for the
Mathematics Tools and Technology for Middle Grades
Teachers Project web page created summer 1999' a web
page of mathematics teaching links for middle grades
teach~rs). Teachers and students have become more
than Just consumers of technology, they have become
developers of tec.hnology, finding ways to effectively
use these growing resources for instruction and
c?ntinui~g professional development. Through Internet
discussions and the development and sharing of
resources, the community of mathematics teachers and
l~arners has the opportunity to participate in an ongoing
discourse.
Thro~gh video-teleconferencing links persons from
local industry can enter the middle school classroom
and ,help students ,solve real-world problems involving
enYIro~mental dilemmas, Professors from a local
u~IversIty can pose ~d solve mathematical problems
~Ith students, ~ngagmg students at different sites in a
dialog of soh.~tIonroutes for the problem. In addition,
teleconferencing ~lo~s students at different school sites
WIthin a school distnct to work collectively to solve a
school-based mathematical problem. .
Hypermedia combines the advantages of text
graphIcs.. sound. and animation into one medium fo;
student interaction Information can be created and
~tored by ,~hetea~her or by students onto notecards called
stacks.. ThIS nonlmear way of looking at a
mathematical I,Jroblemma.ybe needed for those students
who do not thmk sequentIally and who are not helped
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by the current way most mathematics textbooks are
designed. The advantages of this high interest
presentation mode may also have advantages for
students with learning disabilities and attention disorders
(Babbitt & Usnick, 1993). Today's middle school
mathematics teachers have the technical know-how to
develop and create hypercard "stacks" for use in specific
mathematics topics, and are teaching their students to
create these stacks as well.
The Geometer's Sketchpad (GSP) (Taylor, 1992)
provides students with Euclid's tools for drawing: a
point tool, a compass, and a straightedge. Students can
construct figures and manipulate them to discover
geometric concepts and relationships (see Slavit, 1998).
By allowing students to explore both two-dimensional
and three-dimensional geometric figures on the
computer screen, GSP encourages students to formulate
mathematical ideas and to describe the relationships they
discover. Logo is also used with the computer to draw
angles and create geometric figures as students
investigate and discover geometric concepts.
Information is given to the computer and a "turtle" draws
the programmed commands.
Other computer applications that have been
successful in mathematics classrooms include
spreadsheets, databases, and statistics packages.
Students can use spreadsheets to get immediate feedback
while using trial and error to solve a problem. Students
begin to see that their trial and error must take on a
systematicity in order to solve problems efficiently using
a spreadsheet (see Bright, 1990; Indusi, 1997; Parker &
Widmer, 1992a; Sgroi, 1992). A database can be used
to compile large amounts of factual information in a
systematic way about the students themselves or other
gathered information sets. Main categories in the
database called "fields" are manipulated and analyzed
allowing students to make interpretations and
conjectures about the information (see Browning &
Channell, 1992). Finally, statistics packages allow
students to manipulate large amounts of "messy" real
world, numerical information and to create a variety of
graphs to interpret mathematical problems. Students
can see the different solutions that result when various
graphs are used to report the data (see Parker &Widmer,
1992b).
CALCULATORS IN THE MATHEMATICS CLASSROOM
The calculator has transformed many middle grades
classrooms, where the emphasis was on computation.
to classrooms where students are actively involved III
problem solving. NCTM (1989) recommends the use
of the calculator at all grade levels so that students have
the opportunity to focus on the meaning and relevance
of mathematics to real world applications. It frees
students tO,focus on problem solving and other important
content WIthout the burden of tedious computations
(Branca, Breedlove & King 1992).
, Critics of calculator us; have argued that students
wIl~ come to rely on calculators too heavily and lose
theIr computational skills. However, several research
studies dispute these criticisms (Hembree & Dessart,
1986;Szetela, 1982; Szetela and Super, 1987; Wheatley,
1980). The importance of professional dev.elopment
opportunities for teachers to learn appropriate uses of
calculators as mathematical tools in the middle grades
has been crucial to changing teachers' attitudes about
itsuse (Fey&Hirsch, 1992). Calculators have the power
to transform mathematics from the study of computation
to the study of mathematics as patterns and relationships
(see Trotter, 1998). Students relieved of this
computational burden can concentrate on solving
complex, multi-step problems. This encourages student
persistence in problem solving because students tend to
work longer at finding a solution and tend to try more
problem solving strategies. As we begin the new
millennium, it is essential that students continue to
acquire proficiency in the use of a variety of calculators
at all levels.
LOOKING AHEAD
Mathematical tools, including calculators and
computers, have transformed mathematics into an
exciting exploration and investigation of number,
patterns, and relationships. Using these and other
emerging technologies to enhance students' sense
making in mathematics has improved achievement,
attitudes, and the teaching-learning process in
mathematics. The use of these tools has the propensity
to mediate students' constructions of mathematical
understandings, facilitating cognitive reorganization and
greater understanding.
In.the 21st Century, teaching middle school mathematics
w~lliook very different than it has in the past. "Books"
WIllbe round CD-ROM disks and students will be able
t? review lessons from their home computers via Int~rn~t
links. Communicating assignments by emaIl IS
commonplace on today's college campuses and public
..
schools are closely following this trend, allowing
teachers, ,students, and parents to be linked in a
collaboratIve learning partnership. Another pattern on
college campuses is the use and availability of
powerbook computers. Universities have rewired
campus buildings to handle the individual desk plug-
ins, and public school systems are sure to follow this
trend, providing powerbooks at each student's desk.
Some schools, through partnerships and funding from
private corporations, are already using these
technology models today. Some CD-ROM packages
will have interactive capabilities, like the virtual reality
helmets currently increasing in popularity. Students
will have the opportunity to place themselves in the
middle of a historical event, such as the creation of
the Mayan numeral system, and participate in the
development of the mathematics by actually being a
part of the scene (Hatfield, Edwards, & Bitter, 1997).
So where do we go from here? Current technology
has the capability to model the fluidity of stud~nt
thinking, supporting non-linear thinking as an effective
sense-making tool. Researchers report that currently
knowledge is doubling every four months, and that
by the year 2005, knowledge will double every .ten
days (Hatfield, Edwards, & Bitter, 1997). The variety
and availability of computer and calculator based
technology will continue to follow this rapid trend of
exponential growth.. Howeyer, these new
developments will have little mearung to students and
teachers who never have the opportunity to use them.
Important efforts must be made to provide a bridge
between the creative minds of the developers of !hese
technologies and the curious minds of the middle
school students who will one day use them to explore
mathematics. Finding applications in the mId~le
school classroom for these developing technol.o&Ies
is an important goal for edu~ators. . Providing
awareness of emerging technologies, providing ~c~ess
to the hardware and software, and providing
professional development for teacher.s to gam
technology's mathema!ical power .are important
responsibilities of the ent~e mathematics comrn~ruty.
Efforts to insure high quality profeSSIOnal
development for teachers on the use o~ techn?logy
should include programs that are equitable III all
schools, both rural and urban, and affluent and poor.
Every teacher and every student needs aC,cessto all
the available resources technology provI~es., The
possibilities of using emerging technologies III the
mathematics classroom are Ilmitless, ~ut I~~sup to
classroom educators to implement It. It IScritical that
teachers are given the re~ources ~d SUPP?rtnecessary
to use these tools effectively for mst~ctIOn. ,
Using technology changes mathematIcs teaching and
1 . It tears down our image of the tradIu~nalearnmg. . 1 g
mathematics classroom as a passive e~r~m
environment to one in which students are cognitively
en aged in' a process whereby they are resp~msIble
fo; making the choices that lead to their ~wn
mathematical sense-making ?pportu~ltIes.
Technology is our bridge to mathematics teaching and
learning in the new century.
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